Introduction
Benign paroxysmal positional vertigo (BPPV) accounts for about 20% of vestibular complaint 1 . Being a mechanical disorder of the posterior labyrinth, management con sists of a "mechanical" repositioning of the otoconial debris detached from vestibular sensorineural epithelia. The posterior semicircular canal (PSC) is the most involved by BPPV with approximately 90% of cases, while horizontal semicircular canal (hSC) is the next most common 2 . Both canalithiasis and cupulolithiasis theories are accepted in the pathophysiology of the BPPV, which are also confirmed by intraoperative findings of otoconial debris into canal 3 . The repositioning manoeuvres to treat canalithiasis are well established and widely used, with some variation recently reported in literature [4] [5] [6] . The recurrence of BPPV may be linked to some systemic diseases [7] [8] [9] , but true recurrence should be differentiated from true persistence of canalithiasis, which is often due to a reflux of otoliths. Although repositioning manoeuvres are free of major complications, a form of canalithiasis called "re-entry BPPV" may appear after therapeutic manoeuvres 10 . This type of positional vertigo can also be called "canal switch BPPV" if the canal involved is different from the firstly affected canal 11 before any repositioning session. These clinical entities arise when manoeuvres became common in clinical practice, hence the clinician should consider a quick differential diagnosis to distinguish a re-entry form from recurrent BPPV by an early verifying test. in our practice, we have noted two forms of canal re-entry and/or canal switch. The first is immediate, occurring some minutes after the repositioning session. The second is delayed, occurring after one or two days after the manoeuvres were done. in our present work, we report the differences between the two clinical forms of canal re-entry and provide some suggestions to avoid phenomenon supported by clinical evidence.
Materials and methods
The study was conducted prospectively in the period from January to July 2013. The setting of the study was in an enT and audiology departments in a referrals centre for diagnosis and management of equilibrium diseases. Patients affected by BPPV were consecutively included in the study and exclusion criteria were: atypical nystagmus 12 13 , associated meniere's disease, bilateral BPPV, multicanalar BPPV, secondary BPPV, recent whiplash injury 14 , clinical suspect for cupulolithiasis, unable to undergo repositioning manoeuvre for physical limitations. Diagnosis of canalithiasis BPPV was done with and without Frenzel lens to allow the fixation of a specific point (nose of the examiner) during the examination to reduce the variability of nystagmus description among patients, which may be influenced by gaze. The nystagmus was then described observing the movement of iris-pupil complex and the ocular globe. A torsional nystagmus beating toward the more dependent side (geotropic) in Dix-hallpike position was considered as canalithiasis of ampullary arm of ipsilateral PSC; if the torsional nystagmus in the Dix-hallpike position was beating towards the unexamined side (apogeotropic) it was considered as canalithiasis of non-ampullary arm of examined PSC according to the description of Vannucchi et al. 15 The superior semicircular canal (SSC) BPPV was examined in the head-hanging position, although the side is difficult to determine 6 . The hSC was examined with the roll-test eliciting the horizontal nystagmus, and considering the affected ear the side with more intense nystagmus in case of geotropic form, while the side with less intense nystagmus in case of apogeotropic form. The manoeuvres to treat the canalithiasis BPPV were: Semont manoeuvre or gans manoeuvre for PSC BPPV 4 16 , gufoni maneuverer for hSC 2 . The choice between the Semont and gans manoeuvre was determined by randomising patients with PSC BPPV, undergoing one of the two manoeuvres. All treatments were performed at the same visit until the verifying Dix-hallpike/roll-test was without evidence of nystagmus or symptoms. During the manoeuvre, patients kept the position for 120 sec, and the following manoeuvre (when needed) was done after an additional 120 sec. To determine the influence of the time lapse between the repositioning manoeuvre and the final Dix-hallpike/roll-test, we randomly divided patients into 3 groups and the final test was done, respectively, after 5, 10 and 15 minutes after the repositioning manoeuvre. The minimum follow-up was 3 months after the manoeuvre. Data were entered in a database created with excel 5.0. Data analysis was performed using epiinfo 3.5.1 software. Absolute and relative frequencies were calculated for qualitative variables, while quantitative variables were summarised as means (standard deviation). Differences by groups for categorical variables were analysed using the chi-square test. Differences in means were compared with a Student's t-test. univariate analysis between BBPV and possible factors associated was performed. The difference between the PSC and the hSC related to the different manoeuvres was analysed. A p < 0.05 (two-tailed) was considered statistically significant. institutional review board approval was obtained for this study without human experimental procedures. The choice of the manoeuvre used was done among manoeuvres with equal success rates, as often reported in the literature. 
Results
in the period considered, we consecutively visited 196 patients with BPPV, of which 69 matched our exclusion criteria and were not included in the analysis. The sex distribution was 49 men and 78 women. The mean age was 54.74 years. in 55 patients, the episode of BPPV was the first, while 72 patients had had a previous BPPV episode more than 6 months before. The statistical analysis of relationship between recurrence and comorbidities or personal patients data did not demonstrate any significance. The hSC was involved in 30 cases of which 5 presented an apogeotropic nystagmus. in 97 patients, PSC BPPV was diagnosed and 13 cases showed an apogeotropic nystagmus. The patients with hearing loss in the ear affected by BP-PV seemed to have a more recurrent form compared with those with normal hearing (Table i ). An immediate canal re-entry was recorded in 3 patients with hSC BPPV, which was promptly managed with a gufoni manoeuvre. These patients, having geotropic nystagmus before the manoeuvre, had the classical freeing nystagmus during the gufoni manoeuvre, but geotropic nystagmus persisted at the verifying test. in patients with hSC BPPV, we recorded canal switch only for those cases with geotropic nystagmus, probably because the otolith mass lied near the vestibular opening of the PSC. in patients with PSC BPPV, a canal re-entry was noted in 12 patients; 7 patients had an immediate canal re-entry (with changed nystagmus direction to apogeotropic form), and 5 patients the delayed form. As shown in Table ii , the patients with the delayed canal re-entry underwent more than 2 manoeuvres in the same session to achieve the disappearance of the positional nystagmus. Although the result is quite evident, statistical significance was not obtained probably due to the low number of cases. The canal re-entry was not related to the manoeuvre performed. As shown in Table iii , the timing of the Dix-hallpike test to verify the resolution of the BPPV had a significant role in immediate canal re-entry, which occurred only for those patients who had a Dix-hallpike after only 5 min from the last repositioning manoeuvre. A recurrence in the follow-up at least one month after treatment was recorded in 20 patients and was more frequent in patients who had a canal re-entry (p > 0.001) (Table iV).
Discussion
The treatment of BPPV is often simple and immediate, providing a prompt resolution of symptoms. on occasion, neurotologists encounter patients with resistant BPPV requiring several manoeuvres to obtain results, or patients who after an initial resolution of symptoms show some delayed positional nystagmus due to a canal re-entry of otoliths. Table II . Patients with delayed canal re-entry had more than two manoeuvres in the same session to treat BPPV. The immediate reflux of otolith into the PSC after a repositioning manoeuvre could be mistaken for a contralateral SSC BPPV, as these two forms of nystagmus are similar. As reported by Foster et al. 10 , such a form of nystagmus should be differentiated because in PSC reflux it is finest due to inhibition of endolymphatic flow. however, as that discrimination is very difficult to detect, the clinician should consider that it is highly unlikely that a contralateral disease, previously undiagnosed, appears after a repositioning procedure. The apogeotropic nystagmus in PSC during head-hanging position is due to otolith into the non-ampullary arm of PSC 15 17 . it could be possible that the apogeotropic nystagmus observed after retest could be caused by otolith mass stopping in the ampullary arm, although we observed in all cases a liberatory nystagmus after the first repositioning procedure. For this reason, we believe that the hypothesis of the otolith stopping in the ampullary arm is a less probably cause of apogeotropic nystagmus in this series. our clinical experience in detecting some canal conversion after reposition procedure was also recently reported by Babic et al. who described the transitional BPPV and, as in our present series, the conversion occurred after the final check to assess the freeing of the semicircular canal 18 . The large number of conversions in hSC cupulolithiasis is in our opinion not real, but influenced by the fact that the authors considered all apogeotropic nystagmus in hSC as cupulolithiasis, rather than contemplate the possibility of otolith in the ampullary arm of hSC, which is manageable with appropriate manoeuvre 2 . BPPV patients may have a variable otoliths mass, ranging from fine particles unable to elicit clinically-evident nystagmus 19 to high mass particles visible with the operating microscope 3 . The mass of otoliths, in our opinion, supported by the results obtained in this study, have a role in determining not only the difficulty to obtain particle repositioning, but also in the type of canal re-entry if present. we agree with the theory that patients cleared with a single manoeuvre are likely to have some high mass or aggregated particles 10 . in patients with an immediate reflux episode, particles after the treatment procedure were probably located near the openings of the common crus and hSC, so that the re-entry was more simple in case of high mass particles rather than dispersed otoliths. This event was compatible with our findings, as our patients with immediate reflux underwent less than 2 manoeuvres to free the canal involved. The majority of patients with BPPV requires a single manoeuvre to clean the canal. Patients requiring more than 3 repositioning manoeuvres to achieve cleaning of the canal (negative Dix-hallpike control test) probably have a large number of low-mass otoliths that are dispersed into the utricle during the numerous manoeuvres performed. effectively, in our series, patients with delayed re-entry/ canal switch had more than 2 manoeuvres in the same session and a negative final Dix-hallpike/roll test. The canal re-entry or switch was evident after an average of 2-3 days; it is possible that this time lapse was necessary to assemble particles into the utricle before casual re-entry. undoubtedly, to distinguish delayed canal re-entry from recurrence can be difficult. The only consideration that leads us to believe that after 2-3 days a recurrence is effectively a re-entry phenomenon is the direction change of the nystagmus (i.e. a geotropic before the treatment becomes apogeotropic for PSC). For canal switch from PSC to lSC BPPV, the observation is different because it is very likely that a new episode of BPPV after a few days following treatment affecting a different canal of the same side is due to re-entry of otoliths. Similar to Foster et al., we noted a relationship between timing of final test with canal re-entry 10 . These findings lead to couple the cause of re-entry BPPV or canal switch with the repetition of Dix-hallpike test to assess cleaning of the canal. in our series, there was evidence that the minimum time that we should wait before doing a verification test, to reduce the risk of immediate re-entry/ canal switch, was 10 min. Delayed canal re-entry is not preventable by increasing the time before performing the verification test, but it likely depends on a casual position/ movements done by patients.
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Conclusions
Canal re-entry or canal switch is a clinical entity that should be kept in mind by the neurotologist when approaching BPPV patients. it is important to distinguish it from recurrence when delayed and from manoeuvre failure when immediate. it is likely that the mass of otoliths has a role in determining the type of canal re-entry. The timing of performing manoeuvres, in particular the final verification test after therapeutic sessions, is important to prevent the immediate reflux of particles into canals.
